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The metal-carbonyl hydrides of iron and cobalt have puzzled chemists for a long time. Their physical properties have contradicted most of the previously proposed structures. They are known, by the electron diffraction work of EWENS and LISTER 1 , to be pseudo-tetrahedral (that is, to have tetrahedrally arranged carbon monoxide ligands) and to behave as moderately strong acids 2 . Their infrared spectrum exhibits a metal-hydrogen stretching mode 3 , but no carbon-hydrogen or oxygenhydrogen stretching modes 3 ' 4 . And their nuclear magnetic resonance spectrum indicates a large diamagnetic shielding of the proton 3 . All of these experimental observations must be explained by any postulated configuration.
Assuming a tetrahedral arrangement of the carbon monoxide ligands, we propose that the hydrogen atoms are bonded to the dz 2 or dx 2 _y 2 metal or- ; however, they are bonding for the attached hydrogen atoms.) This bonding scheme implies that the hydrogen atoms are located on the four-fold rotationreflection axes of the metal-carbon monoxide tetrahedron in the region between the metal atom and the carbon monoxide ligands (see Fig. 1 a and 1 b) The proposed electronic configuration (isoelectronic with Ni(CO)4) may be pictorially described as a "pseudo-nickel carbonyl" configuration 2 .
The bonding proposed in this note for Co(CO)4H and Fe(CO)4H2 is the same as that needed to explain the properties of (C5H5) (Cr, Mo, W) STRUCTURE OF Co(CO)4H AND Fe(CO)4H2
CO (CO)4H
FIG la (CO)GH />8 ' 9 . And, as for these latter compounds, we expect the hydrogen to be weakly acidic because of the greater electron affinity of the metal nucleus as compared with that of the proton 2 . Since the hydrogen is located near the centroid of maximum charge density of the metal-carbon bond, we also expect the proton to exhibit the large diamagnetic shielding observed in high resolution-NMR measurements 5 ' 9 . And because of the relatively loose bonding of the hydrogen, we expect to find the metal-hydrogen stretching mode in the low energy region of the infrared 3 .
These configurations have several advantages over previously proposed structures 1110 . The structure of EWENS and LISTER, with a C -OH bond, is untenable because it fails to explain the absence of 0 -H stretching frequencies and the anomalous diamagnetic shielding of the proton. The proposed structure
for CO(CO)4H of EDGELL and GALLUP, though explaining its physical properties, is not appealing chemically. The great stability of the carbon-oxygen rr-bonds would, on chemical grounds, seem to preclude their disruption by hydrogenation. Thus one would expect the structure of EDGELL and GALLUP to yield a chemically unstable species.
It should be noted that the structures given here (see Fig. 1 ) indicate that the bonded hydrogen atom is capable of undergoing hindered rotation in a field of tetrahedral symmetry, the maxima lying in the direction of the metal-carbon bonds (that is, on the three-fold axes) and the minima on the ± x, + y, + z axes (that is, on the four-fold rotation reflection axes).
